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ABSTRACT 


The  Investigations  undertaken  during  this  report  period 
Included  three  ant  I  tna  I  ar  I  a  I  screens,  two  African  trypanosome 
screens,  and  an  American  trypanosome  screen.  The  three 
antimalarlal  screens  were;  a  primary  blood  sch I zont I c I  da  I  test 
using  P 1  asmod  1  urn  berghe.l ,  a  primary  causal  prophylactic  test 
using  £J.55JPfldJiijD  and  ADflPilfiiSS  mosquitoes,  and 
a  secondary  drug  screening  system  using  both  of  the  above  species 
of  rodent  malaria.  The  two  African  trypanosome  systems  Include^/ 
a  primary  screen  and  a  secondary  drug-resistant  screen.  The 
American  trypanosome  system  was  a  primary  test. 

In  the  primary  antimalarlal  blood  sc h I zont  I  c  I  d a  I  test  3,026 
three  dose-level  tests  were  done  with  355  compounds  exhibiting 
activity.  In  the  prophylactic  antimalarlal  tests  1,571  three 
dose-level  tests  were  performed  to  detect  activity  against 
sporozoites  and/or  exoer ythrocyt Ic  stages.  89  compounds  were 
active.  In  the  regular  secondary  test  3  compounds  were  tested 
against  the  drug-sensitive  P-IIne  of  berghe 1 .  while,  13 
compounds  were  tested  against  the  drug-resistant  lines.  Other 
special  tests  Included.  1)  Determining  how  stable  the  drug- 
resistant  lines  would  be  when  drug  pressure  Is  removed.  2) 
Determination  If  the  development  of  resistance  to  mefloquine  was 
slowed  when  sulfadoxine  and  pyrimethamine  were  co-adm  I  n  I  stered . 
3)  Development  of  mefloquine  resistance  In  a  standardized  method. 

The  primary  test  in  African  trypanosomiasis  evaluated 
compounds  for  trypanosom I c  I  da  I  activity  against  a  drug-sensitive 
line.  2069  three  dose-level  tests  were  performed  with  82 
compounds  exhibiting  activity.  In  the  drug-resistant  screen  10 
compounds  were  tested  for  activity  against  one  or  more 
resistant  lines.  A  special  test  was  done  to  see  how  long 
resistance  lasted  In  the  pentamidine,  melarsoprol,  and  suramin- 
res  I stant  1  I nes. 

primary  test  In  American  trypanosomiasis  126  dose- 
were  performed.  Three  compounds  were  found  to  be 
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ABSTRACT 


The  i n vest  I  gat  tons  undertaken  during  this  report  period 
Included  three  antimalarlal  screens,  two  African  trypanosome 
screens,  and  an  American  trypanosome  screen.  The  three 
antimalarlal  screens  were;  a  primary  blood  sch  I  zont  Ic  I  da  I  test 
using  P I asmod I  urn  berg  he  I ,  a  primary  causal  prophylactic  test 
using  P I asmod I  urn  yoe I  I  I  and  Anophe I es  Stephens  I  mosquitoes,  and 
a  secondary  drug  screening  system  using  both  of  the  above  species 
of  rodent  malaria.  The  two  African  trypanosome  systems  Included 
a  primary  screen  and  a  secondary  drug-resistant  screen.  The 
American  trypanosome  system  was  a  primary  test. 

In  the  primary  antimalarlal  blood  sc h I zon 1 1  c  I  da  I  test  3,026 
three  dose-level  tests  were  done  with  335  compounds  exhibiting 
activity.  In  the  prophylactic  antimalarlal  tests  1,571  three 
dose-level  tests  were  performed  to  detect  activity  against 
sporozoites  and/or  exoer ythrocyt Ic  stages.  89  compounds  were 
active.  In  the  regular  secondary  test  3  compounds  were  tested 
against  the  drug-sensitive  P-Ilne  of  £j.  berghe  I  ^  while,  13 
compounds  were  tested  against  the  drug-resistant  lines.  Other 
special  tests  Included.  1)  Determining  how  stable  the  drug- 
resistant  lines  would  be  when  drug  pressure  Is  removed.  2) 
Determination  If  the  development  of  resistance  to  mefloquine  was 
slowed  when  sulfadoxine  and  pyrimethamine  were  co-adm I n I stered . 
3)  Development  of  mefloquine  resistance  in  a  standardized  method. 

The  primary  test  in  African  trypanosomiasis  evaluated 
compounds  for  t r y panosom i c  1  d a  I  activity  against  a  drug-sensitive 
line.  2069  three  dose-ievei  tests  were  performed  with  82 
compounds  exhibiting  activity.  In  the  drug-resistant  screen  10 
compounds  were  tested  for  activity  against  one  or  more 
resistant  I  Ines.  A  special  test  was  done  to  see  how  long 
resistance  lasted  in  the  pentamidine,  melarsoprol,  and  suramin- 
res  I stant  lines. 

In  the  primary  test  in  American  trypanosomiasis  126  dose- 
level  tests  were  performed.  Three  compounds  were  found  to  be 


SCREENING  PROCEDURE  FOR  ASSESSING  THE  BLOOD  SCH I ZONT I C I D AL 
ANTIMALARIAL  ACTIVITY  OF  CANDIDATE  COMPOUNDS 


The  recognition  of  ch I oroqu I ne-res  I  stant  strains  of 
P I asmod 1  urn  falciparum  In  South  America  and  Southeast  Asia  first 
posed  what  is  now  a  critical  problem  In  the  chemotherapy  of 
malaria.  Parasite  resistance  to  4-am I noqu I  no  I  I  nes  (e.g. 
chloroquine  and  amod I aqu I ne ) ,  antifolates  (e.g.,  pyrimethamine) 
and  other  standard  antimalarlal  compounds  such  as  quinine,  has 
caused  an  Increase  In  concern  for  the  development  of  safe 
alternative  therapeutic  agents. 

The  World  Health  Organization  currently  estimates  that  over 
100  million  cases  of  malaria  worldwide  require  treatment  each 
year.  Recently,  ch I oroqu I ne-res I stant  parasites  have  been  noted 
In  Africa  where  over  one  million  children  die  from  malaria 
yearly.  Reports  from  endemic  areas  In  the  world  Indicate  a 
significant  resurgence  of  malaria.  The  number  of  cases  of  malaria 
reported  from  Haiti  exceeded  100,000  during  1982.  During  1982 
there  were  over  1,300  cases  of  malaria  brought  Into  the  United 
States.  The  curr  nt  widespread  endemlctty  of  malaria,  with  Chile 
the  only  countr^  'n  South  and  Central  America  free  from  malaria, 
and  Its  potential  for  recurrence  In  malaria-free  zones,  the 
emergence  of  populations  of  parasites  In  Central  and  South 
America,  Asia  and  Africa  that  are  resistant  to  the  major 
available  antimalarlal  agents,  and  a  decrease  In  vector  control 
programs  emphasize  the  need  for  continued  mass  screening  of 
candidate  antimalarlal  compounds. 

A  total  of  289,191  three  dose-level  tests  were  performed  from 
December  1,  1961  through  September  50,  1983. 

Table  I  summarizes  the  compounds  tested  and  the  number  of 
mice  used  from  December  1,  1961  through  September  30,  1983. 

The  test  system  designed  specifically  for  this  operation  Is 
based  on  b I ood- I  nd uced  P I asmod 1  urn  berg  he  1  malaria  Infections  In 
mice.  It  Is  a  relatively  simple  and  fast  procedure.  Assessment  of 
antimalarlal  effect  and  host  toxicity  are  reproducible  and 
re  1  1 ab I e. 
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All  compounds  evaluated  were  obtained  from  the  Division  of 
Experimental  Therapeutics  at  the  Walter  Reed  Army  Institute  of 
Research  and  Included;  1)  Compounds  structurally  related  to 
chemicals  of  known  value  as  antimalarlal  agents;  2)  Compounds 
structurally  unrelated  to  compounds  known  to  have  antimalarlal 
activity;  3)  Structural  analogues  of  compounds  found  active  In 
our  test  system  and  representing  several  novel  chemical  groups; 
4)  Compounds  known  to  have  activity  against  other  Infectious 
disease  agents. 

Our  own  breeding  colony  of  ICR/HA  Swiss  mice  has  supplied  all 
the  animals  used  In  our  tests. 

Drug  activity  was  assessed  by  comparing  the  maximum  survival 
time  of  treated  ma I ar I  a- I n f ected  animals  to  the  survival  time  of 
untreated  ma I ar I  a- I nf ected  control  mice. 

Using  five  and  six  week  old  mice  and  a  standard  Inoculum  of 
P.berghe  I  ,  It  has  been  possible  to  produce  a  consistent  disease 
fatal  to  100$  of  untreated  animals  within  six  to  seven  days. 

An  established  disease  Is  less  responsive  to  treatment  than 
a  disease  In  the  early  stages  of  development,  therefore  treatment 
was  deliberately  withheld  until  a  moderately  high  degree  of 
parasitemia  was  evident.  Test  compounds  were  administered 
subcutaneously  In  a  single  dose  on  the  third  day  post- 1 nfect  Ion, 
at  which  time  a  10-15$  parasitemia  had  developed.  A  similar 
procedure  was  followed  for  the  oral  administration  of  selected 
active  compound s . 

A  compound  can  only  be  classified  as  "active”  if  It 
suppresses  the  disease  an  produces  an  unquestionably 
significant  increase,  100$  or  more.  In  the  life  span  of  the 
treated  animals  over  that  of  the  untreated  Infected  controls.  A 
compound  is  considered  to  be  "curative"  if  the  treated  animals 
remain  alive  for  60  days  after  Infection  with  P..  berg  he  I  . 
Compounds  not  meeting  the  above  requirement  are  considered 
Inactive. 

The  severity  of  the  challenge  set  up  In  our  test  system 
enhances  the  reliability  of  our  evaluation  and  the  antimalarlal 
potential  of  the  compounds  selected  for  Intensive  preclinical 
stud  I  es . 


hMEM  HDil 

The  total  supply  of  animals  needed  to  screen  candidate 
compounds  was  obtained  from  our  breeding  colony  of  ICR/HA  Swiss 
mice  ( Mus  muscu I  us ) .  Test  animals  weighed  from  18-20  grams. 
Weight  variations  In  any  given  experimental  or  control  group  were 
carefully  limited  to  within  two  to  three  grams.  In  any  given  test 
all  animals  were  approximately  the  same  age. 

Animals  on  test  were  housed  In  metal-topped  plastic  cages, 
fed  a  standard  laboratory  diet  and  given  water  Ad.  I  1  b  I  turn.  Once 
the  Infected  mice  had  been  adm  I  n  I  stered  ^^the  drug,  they  were 
placed  In  a  room  maintained  at  28.8°C{±  2  C  ),  and  a  relative 
humidity  of  66% . 


ILSJ  EBI)££niJB£ 

Test  animals  received  an  I  ntr aper  I  tonea I  Injection  of 
approximately  5.98  X  10^  parasitized  erythrocytes  drawn  from 
donor  mice  Infected  four  days  earlier  with  berg  he  I .  The  donor 
strain  was  maintained  by  passage  every  four  days  In  separate 
groups  of  mice  Inoculated  with  0.2  cc  of  a  1:435  dilution  of 
heparinized  heart  blood. 

To  check  factors  such  as  changes  In  the  Infectivlty  of  our  P. 
berg  he  I  strain  or  In  the  susceptibility  of  the  host,  one  group  of 
mice,  which  served  as  the  negative  control,  was  Infected  but  not 
treated.  To  determine  the  effect  that  a  drug  exerted  upon  a 
malaria  Infection,  two  parameters  were  measured;  the  first  was  an 
Increase  In  survival  time;  the  second  concerned  curative  action. 
For  comparative  purposes,  one  standard  compound,  pyrimethamine, 
was  administered  at  one  level  (120  mg/kg)  to  a  group  of  10  mice. 
Pyrimethamine  served  as  a  positive  control,  producing  definite 
Increases  In  survival  time  and  curative  effects.  Another  function 
of  the  positive  control  Involved  monitoring  three  procedures:  The 
drug  weighing,  the  preparation  of  drug  solutions  and  suspensions, 
and  the  administration  of  drugs. 
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Test  compounds  were  dissolved  or  suspended  In  peanut  oil 
before  they  were  administered  subcutaneously.  Compounds  to  be 
administered  orally  were  mixed  In  an  aqueous  solution  of  0.5$ 
hydroxyethy I ce I lulose-0.1$  Tween-80. 

Treatment  consisted  of  a  single  dose  given  subcutaneously  or 
orally  three  days  post- 1 nf ect  Ion.  At  the  time  of  treatment,  a  10- 
15$  parasitemia  had  developed.  Although  the  disease  was  well 
established.  It  had  not  yet  caused  sufficient  debility  to  affect 
an  evaluation  of  the  test  compound's  toxicity. 

Deaths  that  occur  before  the  6th  day,  when  untreated  Infected 
controls  begin  to  die,  were  regarded  as  the  result  of  a 
compound's  toxic  effects  and  not  as  the  result  of  action  by  the 
I nf ect  I  ng  paras  I te. 

Each  compound  was  Initially  administered  In  three  graded 
doses,  diluted  four-fold,  to  groups  of  five  mice  per  dose  level. 
The  top  dose  was  640,  320,  or  160  mg/kg,  of  body  weight  depending 
upon  the  amount  of  compound  available  for  testing.  Active 
compounds  were  subsequently  tested  at  six  or  nine  dose  levels, 
diluted  two-fold  from  the  highest  dose.  Successive  six-level 
tests  were  performed  at  respectively  lower  doses  until  the  lower 
limit  of  activity  was  reached,  thus  establishing  a  complete  dose- 
response  picture  for  that  compound  In  a  rodent  system. 

A  drug  that  was  toxic  for  the  host  at  each  of  the  three 
levels  Initially  tested  was  retested  at  six  dose  levels  diluted 
two-fold  from  the  lowest  toxic  dose. 


HSiJ.e  ACJi^.lJjr 

Acceptance  of  a  drug  as  being  sufficiently  active  for 
detailed  studies  was  predicated  on  the  margin  between  the  maximum 
tolerated  dose  (MTD)  and  the  minimum  effective  dose  (MED) 
producing  a  significant  effect.  An  MTD  Is  defined  as  the  highest 
dose  up  to  640  mg/kg  causing  no  more  than  one  of  five  animals  to 
die  from  drug  toxicity.  The  MED  Is  defined  as  the  minimum  dose 
Increasing  the  life  span  of  treated  animals  by  100$  over  the  life 
span  of  untreated  controls. 


Clearly  Inactive  compounds  were  rejected  after  one  test, 
borderline  compounds  were  characterized  by  a  dose-response  curve, 
which  established  the  spread  between  the  MTD  and  the  lower  limit 
of  activity  by  a  determination  of  drug  activity  In  the  dose-level 
dilution  tests.  The  total  number  of  compounds  and  mice  used 
from  December  1,  1961  to  September  30,  1983  Is  summarized  In 
Table  I.  Table  II  depicts  the  number  of  active  compounds  during 
this  time  period. 


PJJVSKQD  lUM  B£E£i)£J  MALARIA  IN  MICE 
TABLE  I 

Summary  of  Screening  Levels 


December 

1. 

1961  - 

September  30,  1983 

T I  me 

Per  1  od 

Number  of 
Compounds  Tested 

Number  of 
Mice 

October  1, 

1982  -  September 

30, 

1983 

3,026 

46,895 

October  1 , 

1981  -  September 

30, 

1982 

3,020 

45,900 

October  1  , 

1980  -  September 

30, 

1981 

2,998 

45,967 

October  1 , 

1979  -  September 

30, 

1980 

4,826 

74,040 

October  1 , 

1978  -  September 

30, 

1979 

6,1  75 

86,415 

October  1  , 

1977  -  September 

30, 

1978 

5,375 

82,690 

June, 

1  976 

-  September,  1977 

7,114 

123,085 

June, 

1975 

-  May,  1976 

9,916 

155,585 

June, 

1974 

-  May,  1975 

10,604 

168,725 

June, 

1973 

-  May,  1974 

11,035 

168,664 

June, 

1972 

-  May,  1973 

14,276 

231,450 

June, 

1971 

-  May,  1972 

14,874 

262,245 

June, 

1970 

-  May,  1971 

18,108 

322,140 

June, 

1969 

-  May,  1970 

22,376 

411,270 

J  u  ne. 

1968 

-  May,  1969 

38,150 

603,225 

June, 

1967 

-  May,  1968 

40,465 

636,525 

June, 

1966 

-  May,  1967 

34,093 

531,200 

June, 

1  965 

-  May ,  1 966 

22,731 

350,449 

June, 

1  964 

-  May,  1965 

13,114 

215,715 

December, 

1961  -  May,  1964 

6,915 

250,000 

TOTAL 


289, 1 91 


4,812,185 


PLASMODIUM  B£££Jj£J  MALARIA  IN  MICE 
TABLE  I  I 


Summary  of  Active  Compounds 
June  1,  1970  -  September  30,  1983 


T I  me 

Per  1 od 

Number  of 
Compounds  Tested 

Number  of 
Active  Compounds 

October 

1,  1982 

-  September 

30, 

1983 

3,026 

335 

October 

1,  1981 

-  September 

30, 

1982 

3,020 

574 

October 

1,  1980 

~  September 

30, 

1981 

2,998 

359 

October 

1,  1979 

“  September 

30, 

1  980 

4,826 

581 

October 

1,  1978 

-  September 

30, 

1  979 

6,175 

969 

October 

1,  1977 

-  September 

30, 

1978 

5,375 

1,261 

June 

1, 

1976  - 

September  30, 

1977 

7,114 

1,124 

June 

1. 

1  975  - 

May  31  , 

1976 

9,916 

351 

June 

1, 

1974  - 

May  31, 

1975 

10,604 

616 

June 

1, 

1973  - 

May  31, 

1974 

11,035 

394 

June 

1. 

1972  - 

May  31  , 

1973 

14,276 

771 

June 

1, 

1971  - 

May  31  , 

1972 

14,874 

593 

June 

1, 

1970  - 

May  31  , 

1971 

18,108 

805 

TOTAL 


111,347 


8,733 


SECONDARY  ANTIMALARIAL  SCREENING  SYSTEMS 


Current  prospects  for  the  control  of  human  malaria  have  been 
complicated  by  the  occurrence  of  drug-resistant  parasites  to  all 
drugs  available  today  to  combat  £a,  fa  I  c  Iparum.  Such  resistance 
falls  Into  the  following  categories: 

1.  Resistance  to  antifollc  drugs  (pyrimethamine, 

ch I oroguan I ne,  etc.). 

2.  Resistance  to  4-am I noqu I  no  I  I nes ,  qu I  no  I  I  ne-carb  I  no  I  s  and 
acridines  (ch I oroqu I ne,  amodlaquine,  atebrine,  quinine, 
etc.  ) . 

3.  A  combination  of  1  and  2  which  Is  refered  to  as  multiple 
res  I  stance. 

4.  Resistance  to  Fansidar  (pyrimethamine  plus  su I f adox I ne ) . 

Collectively,  the  several  types  of  resistance  Impair  the 
effectiveness  of  all  major  suppressive  drugs.  Parasites  of  P. 
falciparum  In  Southeast  Asia  have  been  found  to  be  resistant  to 
mefloquine,  a  new  quinoline  methanol  drug.  Hence,  a  great  need 
exists  for  alternative  drugs  as  well  as  new  combinations  of 
drugs. 

New  candidate  compounds  are  emerging  from  a  primary  blood 
sch I zont  Ic Ida  I  screening  program,  and  It  Is  particularly 
Important  to  determine  quite  early  which  of  the  new  candidates 
are  likely  to  be  useful  against  the  various  types  of  drug- 
resistant  malaria.  Experience  has  Indicated  that  plasmodia  of 
animals  can  be  used  for  this  purpose. 

The  specific  alms  for  this  test  system  are  to  conduct  a 
sequential  battery  of  chemotherapeutic  studies  In  fj  berghe  I- 
Infected  mice  on  active  compounds  propr I etar I  I y  discreet  or  non- 
dlscreet  emerging  from  the  Department  of  Defense  sponsored 
screening  programs  In  order  to  determine  which  substances  are 
worthy  of  further  consideration  as  potential  agents  for  dealing 
with  drug-resistant  malaria. 


The  techniques  used  In  this  secondary  drug-testing  program 
fall  Into  two  categories: 

1.  Studies  designed  to  determine  If  a  new  agent  was  likely 
to  be  useful  against  the  various  types  of  drug-resistant 
malaria. 

2.  General  chemotherapeutic  characterization  of  selected  new 
agents  to  suggest  optimal  methods  of  use. 


ANIMAL  HOSTS  AND  PARASITES 

The  testing  was  done  with  berghe I  In  outbred  ICR/HA  female 
Swiss  mice  (Mus  muscu I  us )  weighing  20-25  grams.  Briefly,  this 
testing  entails  procedures  for  the  direct  assessment  of  the 
effects  of  drugs  on  the  parasitemia.  Various  tolerance 
observations  were  also  recorded  which  served  as  guides  Indicating 
the  usefulness  of  the  new  test  agents  as  drugs  for  the  treatment 
of  malaria. 

More  specifically,  activities  Included  the  elucidation  of  a 
possible  mode  of  action  of  agents  by  testing  them  In  parallel 
against  drug-sensitive  £j.  berghe  I  {KBG-173)  and  various  drug- 
resistant  parasite  lines  which  were  ch I oroqu  I  ne-res I stant, 
eye  I oguan I  I -res  I stant,  d apsone-res I stant,  mefloquine-resistant, 
pyr I metham I ne-res I stant  or  qu I n  Ine-res I stant. 


ILSJ 

When  a  new  compound  was  obtained  It  was  subjected  to  a 
battery  of  testing  procedures,  the  extent  of  which  depended  on 
Its  degree  of  activity  In  suppressing  murine  malaria  Infections. 
The  first  test  procedure  was  a  6-day  suppressive  test  against  the 
drug-sensitive  P-llne. 


9 


w. 


If  the  compound  was  active  against  the  P-llne,  then  a  6-day 
test  against  one  or  more  drug-resistant  lines  followed.  In  this 
basic  6-day  suppressive  test,  mice  were  divided  Into  groups  of 
seven  and  Inoculated  with  parasites  I  ntraper  I  tonea I  I y .  Drugs  were 
administered  twice  a  day,  usually  orally.  In  a  volume  of  10  ml/kg 
on  the  third,  fourth  and  flHh  days  after  Inoculation  of 
parasites.  All  drugs  were  mixed  In  aqueous  0,5% 
hydroxyethy  I  ce  I  I  u  I  ose-0. 1  Jl  Tween-80  and  u  I  tr ason  I cated  when 
necessary.  Drug  doses  were  prepared  using  1 OOj  of  the  free  base 
of  each  drug.  Dne  group  of  ten  Infected  mice  received  the  vehicle 
alone  and  served  as  a  negative  control  group.  The  blood  films  and 
final  group  weights  were  taken  on  the  sixth  day  after  Inoculation 
of  parasites.  Microscopic  examination  of  G I emsa-sta  I  ned  blood 
smears  was  made  to  determine  the  percentage  of  cells  parasitized, 
percent  suppression  of  parasitemia,  and  significance  values  for 
the  suppression  of  parasitemias.  Significance  values  were  based 
on  a  calculation  of  the  percent  suppression  of  parasitemia  which 
was  determined  by  comparing  the  parasitemia  of  each  treated  mouse 
with  the  mean  parasitemia  of  the  negative  control  animals.  Drug 
tolerance  was  reflected  by  the  percent  weight  change  and  the 
proportion  of  mice  that  survive  treatment.  Toxicity  was 
attributed  to  drug  action  when  a  1451  or  greater  weight  change 
occurred  or  when  one  or  more  mice  died  before  the  blood  smears 
were  taken. 


ErUM 

Each  new  drug  was  tested  first  against  the  drug-sensitive  P- 
llne,  usually  via  both  oral  and  subcutaneous  routes  of 
administration.  The  drug  dosages  for  the  first  test  were  normally 
64,  16,  4  and  1  mg/kg/day  for  the  three  days.  If  more  than  90% 
suppression  of  the  parasitemia  ( SDgo )  was  obtained  with  the 
lower  dose  of  I  mg/kg/day,  then  testing  at  lower  doses  was 
performed.  Chloroquine  was  tested  as  a  reference  against  the  P- 
llne  at  levels  of  2,  3,  and  4  mg/kg/day.  A  quinine  Index  (Ql)  was 
calculated  by  comparing  the  SDgg  value  of  the  new  compound  to 
that  of  chloroquine: 


SD  of  chloroquine 

90  » 

Q  = - -  x30 

SD  of  new  compound 
90 


*  Conversion  factor  (chloroquine  Is  30  times  more  active  than 
qu I n I ne } . 


DRUG-RESISTANT  LINES 

Compounds  that  suppressed  the  P-llne  parasitemia  by  at  least 
90%  with  64  mg/kg  or  less  were  subjected  to  testing  against  one 
or  more  of  the  six  drug-resistant  lines.  These  lines  Included  a 
ch 1 oroqu I ne-res I stant  (C-IIne),  a  eye  I ogu an  II -res  I stant  (T-IIne), 
a  dapsone-res I stant  (S-IIne),  a  mefloquine-resistant  (A-IIne), 
pyr I metham I ne-res I stant  (M-IIne)  and  a  qu I n  I  ne-res  I  stant  line  (Q- 
llne).  The  amount  of  testing  against  the  resistant  lines  depended 
upon  the  structure  of  each  compound  as  It  related  to  the 
structure  of  known  ant  I ma I ar I  a  I s .  A  maximum  dose  of  256  mg/kg/day 
was  administered  orally  along  with  doses  of  64,  16  and  4 
mg/kg/day. 


QL  AM  BmilAMi 

Doses  required  for  a  given  degree  of  effect,  such  as  90^ 
suppression  or  SD  ’ s  were  used  to  delineate  the  degree  of  cross 
resistance.  ^ 


i£E£JAJ.  ilMiii 

1 )  S±aiLLLJl^  el  dTiie  jtfJJ’.bejjl  iljiue 

The  six  drug-resistant  lines  of  malaria;  A-IIne  resistant 
to  mefloquine,  C-IIne  resistant  to  chloroquine,  M-IIne 
resistant  to  pyrimethamine,  Q-llne  resistant  to  quinine, 
S-IIne  resistant  to  dapsone,  and  the  T-IIne  resistant  to 
cycloguanll  were  removed  from  drug  pressure  and  followed 
to  see  how  long  resistance  was  retained. 


2 )  Determ  I  nation  of  the  deve 1 opment  of  res Istance  to 
mSLtl£M.u.lns  mJlsji  SMll.3JLsjdJi£  ADJi  pyr  ImethajD  Ine  ]tsr£  .c£- 
admln Istered. 

A  fixed  (20:1)  combination  of  sulfadoxine:  pyrimethamine 
(FANSIDARf^  )  in  a  single  oral  dose  administered  with 
mefloquine  has  been  advocated  as  a  means  of  delaying  the 
development  of  resistance  to  mefloquine.  The  antimalarlal 
activity  of  these  three  drugs  singly  and  In  combination, 
was,  therefore,  evaluated  In  mice  Infected  with 
P I asmod I  urn  yoe III.  Seven  groups  of  five  mice  each  were 
Inoculated  I ntraper I tonea I  I y  with  1.0  X  107  parasitizled 
red  blood  cells.  Three,  four  and  five  days  after 
Infection,  mice  received  a  single  dally  oral  dose  of  drug 
or  drug  combination  according  to  body  weight.  Seven  days 
after  Infection,  blood  films  were  made  to  determine  the 
degree  of  Infection.  The  group  of  mice  yielding  a  5$ 
parasitemia  were  bled  and  used  to  Infect  the  next  group 
of  uninfected  mice.  Su I f adox ine-pyr I metham I ne 

concentration  was  kept  at  0.0125  mg/kg  -  0.003  mg/kg. 
Mefloquine  concentration  began  at  4  mg/kg  and  Increased 
as  resistance  developed  until  resistance  to  256  mg/kg  was 
obtained. 


3)  fli 

method . 


r.e.s.l.sijaj]iLS  la  5 


A  series  of  experiments  were  performed  to  develop  a 
standard  procedure  for  Induction  of  mefloquine 
resistance.  The  drug  pressure  was  Increased  as  rapidly  as 
possible  In  a  uniform  schedule.  The  procedure  is  as 
foil ows. 


Paras.l  te  ; 


xaeli  J  xaslii  1 7  X 


I  nocu I  urn !  1  X  10'  parasitized  RBC  l.p.  in  0.1  ml 

volume  unwashed  whole  blood  diluted 
In  saline. 


Mef  I  oqu  1  ne  1  nJ  strat  lO-n ;  Orally  In  HEC/Tween 

suspension,  0.01  tnl/gm  body  weight 
via  metal  esophageal  cannula. 
Mefloquine  administration  once  dally 
on  days  3,  4,  and  5  post  Inoculation. 


A 

B 

c 

D 

E 

F 

G 


8 

4 

2 

1.5 

1.25 

1.0 

0.5 


Paras  I  tern  1  a ;  On  day  7  post  Inoculation  blood  films  were 

taken  and  parasitemias  determined. 


fli  Passage  was  made  from  the  single 

mouse  having  a  parasitemia  >5$  In  the 
highest  dosage  group.  That  dose  would 
then  be  1-fold  In  the  next  passage. 
This  was  done  until  the  parasites  were 
resistant  to  256  mg/kg  of  mefloquine. 


R£.S.UiJi 


fi.  Dja^  XasJ 

The  results  for  the  regular  6-day  suppressive  test 
against  the  drug-sensitive  and  drug-  resistant  lines  are 
summarized  In  Table  III. 


ltaJ2iii±y  fll 


The  chloroquine  and  p yr Imetham I ne-res  I  stant  lines  lost 
resistance  between  9-12  months.  The  remaining  lines  have 
retained  there  respective  resistance  for  36  months. 


Study  ±j2  exa/n I  n e  I  f  ttie  de.Ye-1-op/pe.Dj:  fil  iP.ai J .p.qiiiJLe 

fifliilil  co-adm  I  n  Istrat  Ion  q±  3J)il 

nyr  linet  hainJ.D^ . 


Development  of  full  mefloquine  resistance,  when  administered 
alone,  occurred  within  6  weeks.  Development  of  full  mefloquine 
resistance,  when  administered  with  FANSIDAR  ,  occurred  within  6 
to  9  weeks.  There  appears  to  be  no  advantage  of  combining 
FANSIDAR  with  mefloquine  to  slow  the  development  of  mefloquine- 
resistant  parasites. 


Deve  I  opmeiit  si  mef  LQ.qu.lJi .9  res  I  stance  Jj]  a 

method . 

Parasites  resistant  to  256  mg/kg  of  mefloquine  were  developed 
I  n  4  to  8  passages  using  the  standardized  method. 


I 


mparlson  of  suppressive  activities  of  drug-resistant  parasites  away  from  drug 
pressure  with  drug-resistant  parasites  maintained  on  drug  pressure. 


I 

I  cr 
CN  I  O 
I  — 

I 

I  <D 

I  Z 


1 

1 

o 

E 

1  < 

in 

O 

1 

1 

CM 

L. 

1 

A 

H- 

1 

0) 

1 

>• 

c 

1 

<U 

1 

1 

VO 

(0 

cr 

1 

m 

CSJ 

O 

1  « 

CM 

x: 

— 

1  < 

A 

+- 

>♦- 

1 

c 

0) 

1 

0 

2 

1 

1 

1 

1 

1 

1 

• 

1  a. 

I  ^ 

I  < 


CJ  I  ro 
O  I  * 
—  I 

^  I 

<D  I 

z:  j 


a. 

HC 

CM 

O)  1 

* 

1  in 

o 

CM 

(0 

CO 

A 

O  1 

1- 

1  CM 

Q 

—  1 

1  A 

O  1 

1 

1 

1 

O  1 

1 

1 

fn 

1 

1  CM 

• 

1 

1  • 

a. 

VO 

CL 

o 

1 

o. 

1  CM 

VO 

VO 

1 

VO 

o 

m 

to 

in 

1 

l- 

in 

CM 

CM 

1 

CM 

A 

A 

1 

1 

A 

0) 

1 

c 

c  1 

O 

VO 

(0  1 

o 

in 

in 

3  1 

VO 

cx 

4c 

CM 

C7)  1 

in 

o 

CM 

(D 

CO 

A 

O  1 

h- 

CM 

o 

““  1 

A 

1 

U  1 

>-  1 

O  1 

o 

1 

• 

K\ 

1 

CM 

• 

1 

• 

a. 

in 

Q_ 

O 

1 

CL 

o 

VO 

1 

1  VO 

o 

to 

in 

1 

1- 

1  in 

1 

CM 

CM 

1 

CM 

1 

A 

1 

A 

1 

1 

1 

Q> 

1 

1 

^  1 

c 

1 

C  1 

0 

1 

(0  1 

in 

in 

1 

VO 

3  1 

VO 

in 

Cl 

1 

in 

O)  1 

* 

in 

o- 

w— 

ro 

CO 

CM 

0  I 

H 

CM 

o 

A 

—  1 

A 

U  1 

1 

1 

>•  1 

1 

O  1 

o 

1 

1 

• 

I 

in 

1 

o 

1 

• 

1 

• 

Q. 

n- 

1 

Q. 

o 

1 

0. 

VO 

vO 

1 

VO 

o 

in 

1 

CO 

in 

1 

h- 

in 

CM 

CM 

1 

CM 

A 

1 

1 

A 

1 

1 

A 

0) 

I 

1 

c 

1 

c:  1 

o 

1 

VO 

<0  1 

o 

in 

in 

1 

in 

3  1 

* 

in 

o 

Cl 

1 

to 

CM 

O)  1 

h- 

CM 

o 

(M 

(0 

A 

O  1 

Q 

—  1 

O  1 

1 

1 

O  1 

o 

I 

1 

• 

1 

1 

CM 

m 

1 

• 

1 

• 

0, 

1 

CL 

o 

1 

0- 

CM 

SPOROZOITE  INDUCED  ANTIMALARIAL  TEST  IN  MICE 


There  Is  no  causal  prophylactic  drug  available  today  for 
people  to  take  In  order  to  stop  the  development  of 
exoer ythrocyt Ic  stages  of  the  four  species  of  human  malaria. 

Primaquine  Is  the  only  drug  currently  used  today  for  radical 
curative  activity  In  humans  (elimination  of  persisting 
exoer ythrocyt  Ic  schizonts  and  or  hypnozoltes  of  P I asmod I  urn  v I vax 
and  P I gsmod I  urn  ova  I e ) .  This  8-am I noqu  I  no  I  I  ne  has  two  major 
limitations;  It  has  a  poor  therapeutic  Index,  and  It  causes 
hemolytic  anemia  In  persons  with  a  deficiency  In  the  enzyme 
g I ucose-6-phosphate  dehydrogenase.  An  additional  liability 
concerns  Its  ability  to  cause  methaemog I ob I naem I  a  In  Individuals 
heterozygous  for  NADH-methaemog I ob I n  reductase  deficiency  when 
taking  primaquine.  New  active  8-am I noqu I  no  I  I  nes  as  well  as  other 
groups  of  chemicals  exhibiting  causal  prophylactic  and  radical 
curative  activity  are  needed  to  combat  malaria  In  the  world 
today. 

This  test  system  is  Intended  to  serve  as  a  primary  screening 
procedure  for  compounds  submitted  by  the  Division  of  Experimental 
Therapeutics  at  the  Walter  Reed  Army  Institute  of  Research. 

In  this  test  system  mice  received  a  subcutaneous  Injection  of 
drug  four  hours  prior  to  an  I ntraper I tonea I  Inoculation  of 
sporozoites  and  survival  was  monitored  for  a  30  day  period.  A 
similar  procedure  was  followed  for  the  oral  administration  of 
selected  active  compounds.  Mice  alive  after  30  days  were 
cons  I  dered  cured  . 


METHODS 

AKIMU 

Male  or  female  outbred  ICR/HA  Swiss  mice  (Mus  mu scu I u s ) ,  six 
to  seven  weeks  old,  weighing  16  to  17  grams  were  used  as  test 
animals.  They  were  maintained  In  groups  of  five  and  had  free 


Mice  used  as  a  source  of  gametocytes  (donor  mice)  were  eight 
weeks  old  and  weighed  25  to  30  grams. 


Anophe I es  Stephens  I  were  reared  In  an  Insectary  maintained  at 
26,7°C  (±  2®C)  and  10%  {-2%)  relative  humidity  with  14  hours  of 
light  and  10  hours  of  darkness.  Larvae  were  fed  a  solution  of 
2.5%  liver  powder  once  a  day.  Emerged  adults  were  fed  a  10$ 
glucose  solution  ad  lib. 


IMIQILH  Mi££  Ai  A  QE 

Donor  mice  to  be  used  as  a  source  of  gametocytes  were 
Injected  I ntr aper I tonea I  I y  with  a  dilution  of  Infected  heart 
blood  from  mice  previously  Infected  with  sporozoites  of 
Pl.asjnod  I  urn  yoe  I  I  I  yoe  I  I  I  17X.  These  mice  were  used  two  to  three 
days  after  Inoculation  with  parasitized  red  blood  cells.  The 
gametocytes  developed  within  48  to  72  hours  and  produced  a 
uniform  Infection  In  the  mosquitoes. 


■LN£££Jii?Ij  QL 

Mosquitoes  were  placed  In  a  room  maintained  at  21.1°  C  (-2®C) 
and  70$  (^2$)  relative  humidity  prior  to  receiving  the  Infected 
blood  meal.  Donor  mice  harboring  a  2  to  10$  parasitemia  were 
anesthetized  with  Nembutal  and  placed  on  top  of  the  mosquito 
cages  for  one  hour  to  allow  the  mosquitoes  to  feed  on 
Infected  blood.  A  second  Infected  blood  meal  was  given  the 
following  day,  and  thereafter  the  mosquitoes  were  maintained  on  a 
10$  glucose  solution.  A  single  normal  blood  meal  was  given  seven 
days  after  the  first  Infected  blood  meal. 


imAJifiJ^  e£ 

Eighteen  days  after  the  first  Infected  blood  meal  the 
mosquitoes  were  anesthetized  with  ether,  vacuumed  Into  plastic 


bags  kept  Immobilized  on  a  cold  table  (-5°  to  0°C).  The  females 
were  separated  from  the  males  and  placed  Into  a  cold  glass 
mortar.  The  males  were  discarded.  After  approximately  500  females 
were  collected,  one  ml  each  of  saline  and  heat  Inactivated  mouse 
plasma  were  added  and  the  suspension  was  macerated  with  a  glass 
pestle  for  three  minutes.  An  additional  20  ml  of  saline  and  mouse 
plasma  (1:1)  were  added  to  the  suspension  and  filtered  through 
nylon  monofilament  screening  fabric  with  a  mesh  opening  of  90 
microns.  This  step  removed  large  tissue  fragments  of  the 
mosquitoes,  yet  allowed  the  sporozoites  to  freely  pass  through 
Into  the  refined  suspension.  This  filtered  sporozoite  suspension 
was  further  diluted  to  obtain  a  concentration  of  approximately 
2.5  X  105  sporozoites  per  0.2  ml  of  Inoculum. 


Each  compound  was  ground  with  a  mortar  and  pestle  and  then 
suspended  In  a  quantity  of  0.5j  hydroxyethy  I  ce  I  I  u  1  ose-0. 1 
Tween-80  to  obtain  the  desired  drug  dose.  The  percent  free  base 
of  each  compound  was  not  determined.  Four  hours  prior  to  the 
Inoculation  of  sporozoites,  compounds  were  administered  either 
subcutaneously  or  orally  at  three  graded  doses  diluted  four-fold 
(160,  40  and  10  mg/kg).  Groups  of  five  mice  per  dose  level  were 

used.  Subsequent  tests  used  successively  lower  four-fold 
dilutions  of  test  compound  If  mice  were  cured  at  10  mg/kg  until 
the  lower  limit  of  a  compound's  activity  was  reached. 

Infected  control  mice  (receiving  sporozoites  only)  began  to 
die  due  to  malaria  starting  seven  days  after  Inoculation  of 
sporozoites.  Deaths  that  occurred  prior  to  seven  days  In  mice 
treated  with  test  compounds  were  considered  drug  toxicity  deaths. 
A  drug  that  was  toxic  to  the  host  at  each  of  the  three  Initial 
dose  levels  was  retested  at  doses  diluted  four-fold  from  10 
mg/kg. 


JjmCUlMIXLN  fi£  MICI  lOIH 


Mice  were  Injected  I ntraper I tonea I  I y  with  approximately 
2.5  X  1 0  5  sporozoites.  Twenty  of  these  mice  were  divided  Into  two 
groups  of  ten  each.  One  group  received  no  drug  and  served  as  a 
negative  control.  The  other  group  was  treated  with  WR  181023  (125 
mg/kg)  and  acted  as  a  positive  control.  One  additional  control 
group  of  five  Infected  mice  was  treated  with  chloroquine  (100 
mg/kg) . 


DETERMINATION  hiOlMLh&lhL  tQUmX 

After  the  mice  were  Inoculated  with  sporozoites  they  were 
placed  In  a  room  maintained  at  28.8°C  (±2  C)  and  6651  (  -  25^ ) 
relative  humidity.  Antimalarlal  activity  was  determined  by 
monitoring  dally  mortality.  Mice  which  were  alive  after  30  days 
were  considered  cured.  A  compound  was  considered  active  If  at 
least  two  mice  survived  for  30  days  at  any  dose  level.  Active 
compounds  were  retested  at  160,  40,  10  both  subcutaneously  and 
orally. 


RLSUiXS 

Mice  Inoculated  with  sporozoites  but  receiving  no  drug 
(negative  control  groups)  all  routinely  died  within  7  to  12  days, 
as  did  mice  receiving  chloroquine.  Mice  serving  as  positive 
controls  receiving  125  mg/kg  of  WR  181023  (4-methy I -pr I maqu I ne ) 
usually  survived  for  the  duration  of  the  experiment  (30  days). 


CMEflUNDi  MiQ  ILEilfi 

For  the  period  October  1,  1982  to  September  30,  1983,  1571 
three-level  tests  were  performed.  38  compounds  were  active  both 
orally  and  subcutaneously;  12  compounds  were  active  only 
subcutaneously,  while  10  were  active  only  orally.  29  compounds 


tested  only  subcutaneously  were  active.  1  compound  was  active 
when  tested  only  orally.  1317  compounds  were  Inactive  when 
tested  only  subcutaneously.  45  compounds  were  found  to  be 
Inactive  both  subcutaneously  and  orally  while  14  compounds  were 
Inactive  when  tested  only  orally. 


A  SCREENING  PROCEDURE  FOR  THE  EVALUATION 
OF  TRYPANOCIDAL  ACTIVITY  OF  CANDIDATE  COMPOUNDS 
IN  TRYPANOSOMA  RHODESIENSE  INFECTED  MICE 


According  to  the  World  Health  Organization,  there  Is  no 
adequate  Information  on  the  prevalence  of  human  African 
trypanosomiasis.  The  best  estimates  report  that  35  million  people 
at  risk,  and  about  20,000  new  cases  are  reported  annually. 
African  trypanosomiasis  has  a  very  high  mortality  rate  and  has 
considerable  Importance  as  a  public  health  problem,  especially  In 
this  age  of  Increasing  foreign  travel. 

No  new  trypanocidal  drugs  have  been  Introduced  since  the 
synthesis  of  pentamidine  In  1939.  Four  drugs  are  currently 
available  for  the  treatment  of  human  trypanosomiasis  caused  by 
Trypanosoma  r hodes lense  or  Trypanosoma  gamb I ense.  Two  of  these 
drugs,  suramin  and  pentamidine  are  used  In  the  treatment  of  the 
blood  parasite  ( trypomast I gote ) ,  but  lack  efficacy  In  the 
treatment  of  central  nervous  system  Infections  ( tr y pomast I gote ) . 
Melarsoprol  and  n I trof urazone  are  used  for  the  treatment  of 
amastigotes  In  the  central  nervous  system. 

Each  of  these  four  drugs  have  severe  side  effects  resulting 
In  poor  therapeutic  Indices.  The  use  of  suramin  may  lead  to 
nausea,  vomiting,  shock  and  loss  of  consciousness.  It  can  also 
cause  exfoliative  dermatitis,  albuminuria,  hematuria  and 
ultimately  renal  failure.  Pentamidine  use  may  lead  to  fatal 
hypertension,  hypoglycemia,  diabetes  and  renal  dysfunction. 
Administration  of  melarsoprol  may  lead  to  lethal  encephalopathy 
In  10  to  15  percent  of  cases.  N I trof ur azone  can  cause  severe 
polyneuropathy  and  degeneration  of  the  seminiferous  tubules.  This 
drug  Is  also  associated  with  causing  hemolytic  anemia  In  glucose- 
6-phosphate  dehydrogenase  deficient  patients. 


Compounding  the  problem  of  low  therapeutic  Indices  Is  the 
problem  of  trypanosomal  drug  resistance.  Human  trypanosome 
strains  are  commonly  resistant  to  at  least  one  chemotherapeutic 
agent.  With  some  patients,  their  Infection  Is  resistant  to  two  or 
more  antitrypanosomal  drugs. 

Therefore,  there  Is  a  definite  need  to  develop  and  test 
compounds  that  are  potentially  active  against  resistant  strains 
of  T. rhodes 1 ense  and  that  are  less  toxic  than  the  existing  drugs. 
Further  testing  also  needs  to  be  dona  using  different  routes  of 
administration  and  combinations  of  two  or  more  drugs. 

The  test  system  described  herein  was  developed  specifically 
to  evaluate  the  trypanosomal  activity  of  large  numbers  of 
candidate  compounds.  Based  on  blood  Induced  L,.  rhodes  I  ense 
Infections  In  mice.  It  acts  as  a  primary  screen  or  as  a  secondary 
screen  and/or  confirmatory  test.  This  test  gives  precise 
quantitative  evaluation  of  chemical  compounds  that  demonstrate 
potentitally  useful  therapeutic  and/or  prophylactic  activity  In 
Ij.  r hodes  1  ense  Infections.  Consequente I  y ,  It  Is  also  a  helpful 
guideline  In  the  synthesis  of  new  related  active  agents. 

All  candidate  compounds  are  obtained  from  the  chemical 
Inventory  of  the  Division  of  Experimental  Therapeutics  at  the 
Walter  Reed  Institute  of  Research  and  Include: 

1.  Chemicals  structurally  related  to  compounds  of  known  value 
In  the  treatment  or  prevention  of  1^  r hodes I ense  Infections; 

2.  Chemicals  structurally  unrelated  to  compounds  of  known 
value  In  the  treatment  or  prevention  of  L,  r  hodes  I  ense 
Infections; 

3.  Structural  analogues  of  compounds  that  have  demonstrated 
activity  In  our  screening  procedure  and  represent  novel  chemical 
groups; 

4.  Compounds  known  to  have  activity  against  other  parasitic 
and  bacterial  Infectious  agent. 


ANIMAL  HOST 

ICR/HA  Swiss  mice  (Mus  muscu I  us )  used  In  this  screening 
procedure  weighed  28  to  30  grams  with  weight  variation  In  any 
given  experimental  or  control  group  carefully  limited  to  three 
grams.  Male  and  female  mice  approximately  the  same  age  were  used. 

Animals  were  housed  In  metal-topped  plastic  cages,  fed  a 
standard  laboratory  diet  and  given  water  Ad  1  I b 1  turn.  After  drug 
treatment,  mice  were  kept  in  a  room  maintained  at  a  temperature 
of  28.8°C  (±2°C)  with  a  relative  humidity  of  66?  (±2?). 


Test  animals  received  an  I ntraper I tonea I  injection  of  0.2  cc 
of  a  1.5  X  10^  dilution  of  heparinized  heart  blood  drawn  from  a 
donor  mouse  Infected  three  days  earlier  (approximately  1.3  X  10  - 
1.7  X  10**  tr  ypomast  I  gotes  ) . 

The  donor  line  was  maintained  by  three-day  blood  passes;  each 
animal  received  0.1  cc  of  a  1;5.0  X  10^  dilution  of  heparinized 
heart  blood  drawn  from  a  mouse  harboring  a  3  day  Infection. 

One  group  of  Infected,  untreated  mice  was  Included  as  a 
negative  control  to  check  both  the  Infectivlty  of  the  T. 
r hodes 1 ense  (CT-Wellcome  strain)  and  the  susceptibility  of  the 
murine  host.  In  order  to  determine  the  effect  a  drug  exerted  on  a 
trypanosome  infection,  two  parameters  were  measured;  1)  the 
Increase  In  mouse  survival  time  and  2)  drug  curative  action.  For 
comparative  purposes,  two  standard  antitrypanosomal  compounds, 
stilbamidine  Isethlonate  and  2-hydroxyst I  I bami d I ne  Isethlonate, 
are  administered  subcutaneously  at  one  dose  (26.5  mg/kg)  to 
separate  groups  of  ten  mice.  The  same  positive  controls  were 
administered  orally  at  53  mg/kg  when  compounds  are  tested  orally. 
These  two  diamidines  served  as  positive  controls,  producing 
definite  Increase  In  survival  time  and  curative  effects. 
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Test  compounds  were  dissolved  or  suspended  In  peanut  oil 
before  they  were  administered  subcutaneously.  Compounds  to  be 
administered  orally  were  mixed  In  an  aqueous  solution  of  0.5$ 
hydroxyethy I ce I  I u I ose  0.1$  Tween-00. 

Treatment  consisted  of  a  single  dose,  given  subcutaneously  or 
orally,  two  to  three  hours  after  the  Injection  of  parasites. 
Deaths  that  occurred  before  the  fourth  day,  when  untreated 
Infected  controls  begin  to  die,  were  regarded  as  a  result  of 
toxic  action  by  the  drug,  not  the  lethal  effects  of  the 
parasites. 

Each  compound  was  Initially  administered  In  three  graded 
doses  diluted  four-fold  to  groups  of  five  mice  per  dose  level. 
The  top  dose  was  either  424,  212,  or  106  mg/kg,  depending  on  the 
amount  of  compound  available  for  testing.  Active  compounds  were 
subsequently  tested  at  six  dose  levels,  diluted  two-fold  from  the 
highest  dose.  If  necessary,  successive  six-level  tests  were 
performed  at  respectively  lower  doses  until  the  lower  limit  of 
activity  was  reached. 

A  drug  that  was  toxic  for  the  host  at  each  of  the  three 
levels  Initially  tested  was  retested  at  six  dose  levels  diluted 
two-fold  from  the  lowest  toxic  dose. 


ILEiifi  BQJUUl 


Acceptance  of  a  drug  as  being  sufficiently 
detailed  studies  was  predicated  on  the  margin  between 
tolerated  dose  (MTD)  and  the  minimum  effective 
producing  a  significant  effect.  A  MTD  Is  defined  as 
dose  up  to  424  mg/kg  causing  no  more  than  one  of  five 
die  from  drug  toxicity.  The  MED  Is  defined  as  the  minimum  dos« 
Increasing  the  life  span  of  treated  animals  by  100$  over  the  llf< 
span  of  untreated  Infected  controls. 


active  for 
the  maximum 
dose  (MED) 
the  highest 
animals  to 


Clearly  Inactive  compounds  were  rejected  after  one  test  and 
border-l’ne  compounds  after  two  tests.  Active  compounds  are 
characterized  by  dose-response  curves,  which  establish  the  spread 
between  the  MTD  and  the  lower  limit  of  activity  by  a 
determination  of  drug  activity  In  the  dose-level  dilution  tests. 
Treated  animals  alive  at  the  end  of  30  days  were  considered 
cured. 
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CONTRQl.S 


Mice  Inoculated  with  try  potnast  I  gotes  but  receiving  no  drug 
(negative  control  group)  all  routinely  died  within  4  to  5  days. 
Mice  serving  as  positive  controls,  receiving  26.5  tng/kg  of 
st I  I  bam  Id  I ne,  or  26.5  mg/kg  of  2-hydroxyst I  I  bam  Id  I ne,  usually 
survived  for  the  duration  of  the  experiment  (30  days). 


iiEJ  COMPOUNDS 

Data  for  all  the  new  compounds  Is  summarized  In  Table  VI. 


TABLE  VI 


Summary  of  Trypanosoma  r hodes I ense  drug  screen  test 


Number  of  compounds 
active  by  route 
of  administration 

Number  Total  - 

of  three-  Number  Number  of  number  1  Oral  2 

Report  level  of  mice  compounds  of  active  Oral  S.C.  and  I.P. 


Period 

tests 

ut I  1  I  zed 

tested 

compounds 

only 

only 

S.C. 

only 

10/1 /82-9/30/83 

2,069 

32,835 

1,788 

82 

0 

75 

7 

0 

1 0/1/81-9/30/82 

1 ,994 

32,405 

1,960 

67 

3 

60 

2 

2 

10/1/80-9/30/81 

2,043 

32,520 

1,222 

62 

6 

50 

6 

0 

1 0/1/79-9/30/80 

4,780 

60,110 

3,462 

88 

3 

78 

7 

0 

10/1/78-9/30/79 

3,158 

49,708 

2,783 

125 

7 

116 

2 

0 

1 0/1/77-9/30/78 

4,025 

64,600 

3,032 

77 

9 

54 

14 

0 

6/1 /76-9/30/77 

4,235 

73,280 

4,235 

396 

17 

270 

1  09 

0 

6/1 /75-5/31 /76 

1,653 

30,290 

1,653 

257 

59 

1  98 

6/1/74-5/31/75 

1,826 

33,850 

1,826 

298 

73 

225 

6/1 /73-5/31 /74 

1,581 

25,360 

1,581 

185 

93 

92 

8/1/72-5/31/73 

3,030 

51,405 

3,030 

68 

TOTAL 

30,394 

486,363 

26,572 

1,705 

270  1 

,218 

147 

2 

1 

S.C.  =  Subcutaneous 

2 

I  .P.  = 
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DRUG-RESISTANT  TRYPANOSOME  TEST 


The  resistance  of  L*.  r  hodes  I  ense  to  selected  antitrypanosomal 
compounds  can  be  Induced  by  repeated  drug  pressure  In  an  in  v I vo 
test  system.  This  Is  achieved  by  Infecting  mice  with  a  standard 
Inoculum  of  parasites,  administering  the  test  compound  at  a  dose 
Just  below  the  curative  level,  and  passing  parasites  from  these 
animals  to  a  new  set  of  mice  when  the  parasitemia  rises  to  a 
desirable  level.  Passes  are  made  every  three  to  four  days  with 
drug  doses  being  Increased  as  resistance  develops  at  each  dose 
level. 

This  type  of  study  can  establish  the  rate  at  which  T. 

acquires  resistance  In  mice  to  selected  compounds. 
Degrees  of  cross  resistance  to  tr y panosom I c I d a  I  compounds  found 
to  be  active  against  the  drug-sensitive  line  In  primary  screening 
tests  may  also  be  determined. 

Lines  of  trypanosomes  have  been  developed  which  are 
completely  resistant  to  the  following  compounds. 


fifJJiJi-NJ  LlhE 
Pentam I  dine 
Me  I ar sopro I  ( Me  I -B ) 
Suramin 


212.0  mg/kg 
424.0  mg/kg 
543 . 0  mg/kg 


A.NJi1v^i  HDiJ 

ICR/HA  Swiss  mice  ( Mus  )  used  In  this  screening 
procedure  weighed  24  to  26  grams  with  weight  variations  In  any 
given  experimental  or  control  group  carefully  limited  to  three 
grams.  Both  male  and  female  mice  were  used  and  were 
approximately  the  same  age. 


Animals  were  housed  In  metal-topped  plastic  cages,  fed  a 
standard  laboratory  diet  and  given  water  jil  I  I  b  I  turn.  After  drug 
treatment,  mice  were  kept  In  a  room  maintained  at  a  temperature 
of  28.8°C  (±2°C)  with  a  relative  humidity  of  66%  {±2%). 


ANJl  llEiJ£rR£^iIiNI 

On  day  zero,  fifteen  male  or  female  mice  were  divided  Into 
three  groups  of  five  animals.  All  animals  were  Initially 
Inoculated  I  ntraper  I  tonea  1  I  y  with  drug-sensitive  X».  r  hodes  I  ense 
(Wellcome  CT-straIn)  tr ypomast  Igotes  In  saline  diluted  blood 
(1:500)  drawn  from  a  previously  Infected  donor  mouse.  Group  I 
served  as  a  negative  control,  receiving  no  drug.  Group  II 
received  drug  either  orally  or  subcutaneously  on  day  0  and  day  1. 
Group  III  was  given  the  same  dose  of  drug  by  the  same  route  on 
day  0  only.  On  day  3  or  5,  15  new  mice  were  Infected  with  sallne- 
dl  luted  blood  (  1  :500)  from  Group  II.  The  pass  was  made  from 
Group  III  If  Group  II  animals  demonstrated  no  parasites  upon 
blood  examination.  These  newly  Infected  mice  were  similarly 
divided  Into  three  groups  and  given  the  same  drug  regimen  as  that 
just  described.  Passes  were  thus  made  every  three  to  four  days 
from  the  most  recently  Infected  and  treated  groups  of  animals. 
Drug  doses  were  Increased  as  resistance  developed. 

Once  complete  resistance  to  the  highest  tolerated  dose  of  the 
compound  was  reached,  the  line  was  passed  twice  each  week  using 
two  groups  of  five  mice  each.  Group  1  mice  received  no  drug  and 
served  as  a  negative  control.  Group  II  mice  received  a  low  dose 
of  drug  to  maintain  drug  pressure  and  served  as  donor  mice 
for  the  next  passage. 


1L3I  ERi3££CiJR£  - 

G I emsa-sta I ned  blood  smears  from  donor  mice  Infected  three 
days  earlier  with  r  hodes  I  ense  tr  ypomast  I  gotes  were 
microscopically  examined  to  determine  parasitemias  (I.e,,  number 
of  tr ypomast I gotes  In  a  field  of  100  erythrocytes).  One  set  of 
test  animals  was  Infected  with  the  drug-sensitive  line  of 
parasites  and  received  an  I ntraper I tonea I  Injection  of  0.2  cc  of 


a  1:15  X  10  dilution  of  heparinized  heart  blood  drawn  from  a 
donor,  mouse  harboring  a  parasitemia  of  30-35it  (approx.  1.3  -  1.7 
X  10^  try pomast I gotes ) .  Other  sets  of  mice  were  similarly 
Infected  with  each  drug-resistant  line  to  be  tested.  Blood 
dilutions  were  made  such  that  all  mice  Infected  with  the 
resistant  lines  received  approximately  the  same  number  of 
tr ypomast I gotes  as  mice  Infected  with  the  drug-sensitive  line. 

Groups  of  ten  mice  Infected  with  the  sensitive  line  and  with 
each  resistant  line  served  as  negative  control,  received  no  drug. 


D.6.U.G  MttmSIRM-LOll 

Test  compounds  were  dissolved  or  suspended  In  either  peanut 
oil  for  subcutaneous  administration  or  0.5%  hydroxyethy I ce I  I u I ose 
-0. 1 $-Tween-80  for  oral  administration.  Compounds  were  given  one 
hour  following  challenge  with  trypomast Igotes. 

Compound  doses  were  diluted  two  or  four-fold  from  a  level 
that  had  been  projected  to  be  fully  curative.  Five  mice  were  used 
for  each  dose  I  eve  I . 


COMPOUND  ACTIVITY 

Mortality  was  used  as  an  Index  of  drug  activity.  Untreated 
Infected  (negative  control)  mice  routinely  die  on  day  4  or  5 
after  Inoculation  of  parasites.  Increases  In  life  span  relative 
to  that  of  the  negative  controls  at  each  dose  level  were 
recorded.  Curative  activity  was  used  In  assessing  the  level  of 
resistance  of  selected  compounds.  Mice  surviving  for  30  days  were 
considered  cured. 


RESULTS 


Dm 


Data  for  various  active  antitrypanosomal  compounds  Is 
presented  In  Table  VII  to  show  their  degree  of  cross  resistance 
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with  a  line  resistant  to  Mel-B,  one  resistant  to  suramin,  and  one 
resistant  to  pentamidine. 


been 

been 


The  loss  of  drug  resistance  without  drug  pressure  has 
studied.  Mel-B  resistance  and  pentamidine  resistance  have 
lost  at  10  and  15  weeks  respectively.  Suramin  resistance  has  been 
stable  for  over  one  year. 
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TABLE  V  I  I 


Degrees  of  resistance  of  the  me  I arsopro I -res  I stant  and  suramln- 
reslstant  lines  of  Trypanosoma  rhodes.I ense  to  eleven 
antitrypanosomal  compounds. 


Compound 


Compou  nd 
WR.  No. 


Bottle  No. 


Degree  of  Resistance 

Melarsoprol-  Suramin- 
Resistant  Resistant 

Line  Line 


Arsenotr  I  az  I  ne 

Mel-NI 

247229 

BJ 

45271 

Mel-Ni 

249119 

BJ 

45271 

Mel-B 

216692 

BG 

80510 

Mel-B 

216692 

BG 

8051  0 

214133 

BJ 

92369 

Acridine 

Acr I f 1 av I n 

65585 

AP 

76740 

D 1  am  I d I ne 

St  I  1 b  am  I d I ne 

30457 

AH 

55296 

Pentam I d  I  ne 

4931 

BJ 

92341 

Pentam  I  dine 

4931 

BG 

11391 

249987 

BK 

15607 

D 1  am  I d I neox  I  ne 

BK 

52084 

Guanidine 

250372 

BK 

46219 

BK 

47994 

BK 

51925 

BK 

50277 

Phenanthr  1  d  I  ne 

Eth Id  I  urn  bromi de 

141377 

BE 

19397 

Su 1 fonated  naphthalene 

SuramI n 

17349 

BH 

58595 

Th I azo 1 e 

BG 

91  175 

Degree  of  resistance  Is  determined  by  comparing  CD  values  for  each 
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compound  when  tested  against  the  drug-sensitive  and  drug-resistant  line 


(Degree  of  resistance  =  CD  of  resistant  line  -  CD  of  sensitive  line) 


THE  CHEMOTHERAPY  OF  EXPERIMENTAL  CHAGAS'  DISEASE 


Infection  by  the  haemof I  age  I  I  ate  Trypanosoma  cruz  1  .  the 
etiologic  agent  of  Chagas'  disease,  presents  a  devastating  public 
health  problem  for  millions  of  people  In  Central  and  South 
America.  ReduvIId  bugs  transmit  X*.  cruz  I  to  man  through  their 
feces  as  they  bite  man  causing  a  disease  characterized  by  an 
acute  phase  and  or  a  subsequent  chronic  phase.  In  addition  to 
the  cultural,  social  and  economic  factors  that  makes  Chagas' 
disease  particularly  difficult  to  manage,  the  problem  Is 
compounded  by  this  protozoan's  cellular  Invasiveness  and  Its 
ability  to  cause  I mmunopatho I ogy .  The  organism  also  lives  In  over 
100  mammalian  species.  No  satisfactory  course  of  drug  therapy  has 
been  found  that  will  treat  all  stages  of  the  Infection  while 
remaining  non-toxic  to  humans.  A  new  compound  Is  also  needed  to 
kill  tr ypomast I gotes  In  blood  used  during  blood  transfusions. 

The  test  system  described  herein  serves  to  evaluate 
prospective  chemotherapeutic  agents  against  experimental  Chagas' 
disease  by  obtaining  the  following  Information: 

1)  A  compound's  ant  I  par as  1 1 1  c  activity  measured  by  the  mean 
percent  Increase  In  survival  time  compared  with  infected 
untreated  controls.  Mice  were  monitored  for  40  days. 

2)  A  compound's  toxicity.  Death  of  treated  mice  before 
negative  controls  begin  to  die  Is  attributed  to  compound 
tox  Ic  I  ty . 

3)  An  estimate  of  the  compound's  therapeutic  Index. 
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Male  ICR/HA  Swiss  randomly  bred  mice  six  to  seven  weeks  old 
weighing  18-21  grams  were  used. 

Animals  were  housed  In  metal-topped  plastic  cages  fed  a 
standard  laboratory  diet  and  were  given  water  I  I  b  I  turn. 
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TEST 


On  day  zero,  mice  were  Inoculated  I  ntraper I tonea I  I y  with 
approximately  1.3  X  10^  tr ypomast I gotes  In  blood  drawn  from  donor 
mice  Infected  one  week  previously  with  L,.  cruz  I  trypomas  1 1  gotes 
(Y-straIn).  Within  30  minutes  following  challenge,  mice  were 
given  a  single  subcutaneous  Injection  of  the  test  compound  mixed 
In  peanut  oil.  Each  compound  was  Initially  tested  at  three-dose 
levels,  usually  640,  160  and  40  mg/kg  unless  known  toxicity  data 
suggested  lowering  the  top  dose.  The  end  point  In  activity  of 
each  active  compound  was  determined.  Mortality  was  recorded  dally 
for  a  period  of  40  days  after  the  challenge  with  parasites. 

Infected  negative  controls  received  an  Injection  of  peanut 
oil.  This  group  consistently  died  within  9-15  days  after  the 
I  ntraper I tonea I  Inoculation  of  parasites.  A  positive  control  drug 
was  Included  In  each  experiment.  The  5-n  I  trof uran,  Lampit,  known 
to  have  limited  therapeutic  value  In  treating  patients  with 
Chagas’  disease,  was  used  as  a  positive  control.  It  has  been 
found  to  delay  the  onset  of  mortality  as  well  as  allowing  some 
mice  to  survive  the  40  day  period  after  being  administered  as  a 
single  subcutaneous  dose  of  640  mg/kg. 

A  classification  system  was  used  to  assess  the  relative 
activity  of  prospective  compounds  by  comparing  the  life  span  of 
treated  animals  to  the  longevity  of  negative  controls. 
Sch  I  rotrypanoc I  da  I  activity  was  divided  into  three  categories; 
positive,  minimal  and  negative.  A  positive  compound  was  one 
producing  at  least  a  50$  Increase  In  life  span  of  mice  over  that 
of  the  negative  controls.  A  minimal  compound  produced  a  20  to 
49,9$  Increase  In  longevity,  and  a  compound  producing  less  than 
20$  Increase  In  life  span  Is  considered  negative. 

Active  compounds  prevent  or  delay  acute  mortality.  The  test 
system,  as  designed,  does  not  assure  that  mice  living  past  the  40 
day  observation  period  are  cured.  If  complete  elimination  of  the 
parasite  Is  not  attained  during  the  acute  stage  of  infection  and 
the  animal  survives,  a  chronic  stage  follows. 
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Mice  Infected  but  receiving  no  test  compound  (negative 
controls  groups)  routinely  died  between  days  9  and  15  after 
Injection  of  trypomast I gotes . 

Mice  Inoculated  with  trypomast I gotes  then  treated  with  the  5- 
nltrofuran,  at  640  mg/kg  served  as  a  positive  control  group.  Some 
of  these  mice  usually  survived  for  the  duration  of  the 
experiment,  40  days  or  had  a  prolonged  survival  time. 


A  summary  of  compounds  tested  from  1979  to  1983  Is  presented 
In  Table  VIII. 


TABLE  VIM 


Summary  of  Trypanosoma  cxiliJ  test  results 


Number  of  compounds 
active  by  route 
of  administration 


Report 

Period 

Number 
of  three- 
1  eve  1 
tests 

Number 
of  mice 
u 1 1  1 1  zed 

Number 

of 

compou  nd  s 
tested 

Total 
Number 
of  active 
compounds 

S.C. 

only 

Ora  1 
only 

S.C. 

and 

oral 

10/1/82-9/30/83 

126 

3,740 

120 

3 

3 

0 

0 

1 0/1/81-9/30/82 

1  05 

2,455 

93 

3 

3 

0 

0 

1 0/1/80-9/30/81 

187 

4,205 

162 

16 

14 

1 

1 

1 0/1/79-9/30/80 

230 

5,290 

212 

21 

20 

0 

1 

4/4/79-9/30/79 

114 

2.710 

1  1  1 

7 

7 

0 

0 

TOTAL 

762 

18,400 

698 

50 

47 

1 

2 

The  personnel  at  the  Rane  Laboratory  participating  In  this 
Chemotherapy  of  Malaria  project  deserve  a  tremendous  degree  of 
credit  for  an  excellent  performance. 
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